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L i d a r  i s  ready t o  make an impor tan t  c o n t r i b u t i o n  t o  t r o p o s p h e r i c  chemist ry  
research w i t h  a v a r i e t y  o f  spaceborne measurements t h a t  complement t h e  measurements 
f rom p a s s i v e  inst ruments.  Over t h e  l a s t  two decades, t h e  development o f  l i d a r  
techniques and systems has evolved t o  t h e  p o i n t  where i t  i s  be ing  used i n  many 
d i f f e r e n t  atmospher ic i n v e s t i g a t i o n s  from ground, a i rborne ,  and b a l l o o n  p la t fo rms.  
L i d a r  can now be considered f o r  near- term and f a r - t e r m  space miss ions  d e a l i n g  w i t h  a 
number o f  s c i e n t i f i c a l l y  impor tan t  issues i n  t r o p o s p h e r i c  chemist ry .  Measurements 
t h a t  can be made by a spaceborne l i d a r  system i n c l u d e  d i s t r i b u t i o n s  of aeroso ls  and 
gases u s i n g  t h e  a c t i v e  remote sensing techniques p r e v i o u s l y  discussed. S ince  t h e r e  
i s  a s c a r c i t y  o f  da ta  on t h e  g loba l  d i s t r i b u t i o n  o f  t r o p o s p h e r i c  species such as 03, 
H20, and aerosols ,  a l i d a r  system i n  space c o u l d  make a v a l u a b l e  c o n t r i b u t i o n  i n  
conduct ing t r o p o s p h e r i c  i n v e s t i g a t i o n s  i n  c o n j u n c t i o n  w i t h  pass ive  remote measure- 
ments o f  t h e  same o r  complementary species. 
e v o l u t i o n  i n  t h e  l i d a r  miss ions f rom space. 
t a b l e  V I I I ,  which i s  based on t h e  i n f o r m a t i o n  generated by t h e  L i d a r  Measurement and 
Technology Working Group r e p o r t  and on the r e p o r t  by E. V .  Browel l  ( b o t h  of which a r e  
presented i n  t h i s  document). 

I n  t h i s  sec t ion ,  we w i l l  address t h e  
D e t a i l s  o f  these miss ions  a r e  g i v e n  i n  

Three t i m e  p e r i o d s  were considered i n  t h e  e v o l u t i o n a r y  development. 
near- term p e r i o d  o f  Space S h u t t l e  f l i g h t s  i n  1990 and EOS miss ions  a f t e r  1993, l i d a r  
measurements o f  aerosols ,  H20, and 03 d i s t r i b u t i o n s  can be made i n  t h e  t roposphere.  
A s i n g l e  wavelength l i d a r  system operat ing from 0.5-1.0 m can p r o v i d e  measurements 
of  aerosol  s t r u c t u r e  th rough t h e  troposphere w i t h  a v e r t i c a l  r e s o l u t i o n  o f  (0.5 km. 
These da ta  c o n t a i n  i n f o r m a t i o n  on p lanetary  boundary- layer depth, s t a b l e  l a y e r s  i n  
t h e  f r e e  t roposphere,  c l o u d  he igh ts ,  and o t h e r  i n f e r r e d  meteoro log ica l  parameters. A 
mu1 t i p l  e wave1 ength 1 i dar  measurement o f  aeroso l  s can a1 so p r o v i  de some i n f  ormat i on 
on aerosol  s i z e  d i s t r i b u t i o n s  which may be used t o  i d e n t i f y  t h e  t y p e  o f  aeroso ls  
be ing  detected.  
t o - l o w e r  t r o p o s p h e r i c  H20 g l o b a l l y .  The H20 DIAL measurements w i l l  i n c l u d e  H20 
column c o n t e n t  and v e r t i c a l  p r o f i l e s  w i t h  1 t o  2 km r e s o l u t i o n .  Measurements o f  03 
column c o n t e n t  i n  t h e  t roposphere and 03 p r o f i l e s  w i t h  2 km v e r t i c a l  r e s o l u t i o n  can 
a l s o  be made. DIAL measurements o f  H20 and 03 a r e  made s imu l taneous ly  w i t h  aerosol  
d i s t r i b u t i o n  measurements a t  t h e  o f f - l i n e  wavelength. 

I n  t h e  

I n  t h i s  t i m e  per iod,  a DIAL system may be f l o w n  t o  i n v e s t i g a t e  mid- 

The second p e r i o d  i n  t h e  e v o l u t i o n  o f  l a s e r  remote sensing f rom space would 
i n c l u d e  p o s s i b l e  Space S h u t t l e  f l i g h t s  i n  t h e  mid 199O's, w i t h  an EOS miss ion  by 
1997. 
1992. 
v e r t i c a l  r e s o l  u t i  on throughout  t h e  t roposphere d u r i n g  t h e  day and n i g h t  . 

T h i s  r e q u i r e s  t h a t  t h e  l idar /DIAL techn ique and technology be ready by about 
F o r  t h i s  per iod ,  we expect t o  make spaceborne H20 DIAL measurements w i t h  1 km 

The c o l  umn 

*Prepared panel r e p o r t .  
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c o n t e n t  o f  NH3 can be ob ta ined  u s i n g  an I R  DIAL measurement, and temperature can be 
measured w i t h  an 0 DIAL technique w i t h  about 1 km v e r t i c a l  r e s o l u t i o n .  It i s  no ted  
t h a t  a l l  of t h e  l i 8 a r  measurement c a p a b i l i t y  no ted  f o r  t h e  i n i t i a l  p e r i o d  i s  a l s o  
a v a i l a b l e  f o r  t h i s  pe r iod .  

The t h i r d  period, f rom 2005-2010, i n c l u d e s  f u t u r e  DIAL measurements f rom space 
o f  t r a c e  spec ies  t h a t  c u r r e n t l y  have o n l y  been done a t  e leva ted  l e v e l s  i n  t h e  t r o p o -  
sphere w i t h  low-power DIAL systems. W i  t h  expected developments i n  1 aser  systems , i t  
i s  p o s s i b l e  t o  env i s ion  spaceborne DIAL column c o n t e n t  measurements o f  NO2, SO2, NO, 
CH4, CO, and, poss ib ly ,  H202. 

INTRODUCTION: REQUIRED LIDAR DEVELOPMENT AND MEASUREMENTS 

The use o f  a l i d a r  system f o r  t he  remote sens ing  o f  a t r o p o s p h e r i c  species f rom 
space r e q u i r e s  advances i n  l a s e r  and d e t e c t o r  technology and i n  s u p p o r t i n g  spec t ro -  
scopic and l i d a r  atmospheric measurements. These advances a r e  dependent upon t h e  
t y p e  o f  l i d a r  system t h a t  i s  be ing  cons idered and t h e  t ime  frame f o r  t h e  expected 
implementat ion o f  t h e  l i d a r  o r  DIAL system f o r  bo th  Space S h u t t l e  and EOS a p p l i c a -  
t i o n s .  T h i s  t ime  frame has been broken i n t o  t h r e e  ca tegor ies- -des ignated  by I, 11, 
and 111--which represent, r e s p e c t i v e l y ,  near te rm (1986-19921, l o n g  te rm (1990-2000), 
and those techniques i n  t h e  f a r  f u t u r e  which w i l l  r e q u i r e  a s i g n i f i c a n t  technology 
breakthrough t o  be r e a l i z e d .  

Using these c r i t e r i a ,  t h e  l i d a r  panel produced two compendiums o f  t h e i r  assess- 
ment o f  l a s e r  and l i d a r  technology and an approximate l i s t i n g  o f  t h e  expected t i m e  
t h a t  such l a s e r s  would be a v a i l a b l e  f o r  space missions. The f i r s t  compendium con- 
s i s t e d  o f  worksheets t h a t  desc r ibe  t h e  t e c h n i c a l  d e t a i l s  f o r  t h e  l a s e r  remote sens ing  
of  each atmospheric c o n s t i t u e n t .  The t e c h n i c a l  i ssues  addressed i n c l u d e  l a s e r  a v a i l -  
a b i l i t y ,  o p t i c a l  de tec t i on  s e n s i t i v i t y ,  and a l i s t i n g  o f  t h e  most s e r i o u s  t e c h n i c a l  
issues. These worksheets were used t o  compi le a second compendium on t h e  l i d a r  
technology assessment, which i s  a summary o f  t h e  r e s u l t s  f rom t h e  worksheets. T h i s  
"summary" assessment i s  g iven  i n  t h e  f o l l o w i n g  sec t i on .  

SUMMARY OF LIDAR TECHNOLOGY ASSESSMENT 

Tab le  I X  i s  an assessment o f  l a s e r  a v a i l a b i l i t y  f o r  space miss ions  based upon 
t h e  t e c h n i c a l  da ta  t o  be g i ven  i n  t h e  worksheets presented. I 

The t ime  frame f o r  u s i n g  each t ype  o f  l a s e r  i s  g i ven  f o r  miss ions  on t h e  Space 
S h u t t l e  and on EOS w i t h  low and h i g h  du ty  cyc les .  
ments c o u l d  be conducted u s i n g  an A l e x a n d r i t e  l a s e r  on t h e  Space S h u t t l e  by 1990, EOS 
( w i t h  10-percent duty c y c l e )  by 1993, and on EOS w i th  l o n g  l i f e  by 1997. A 
continuous-wave (CW) C02 l a s e r  i s  f e l t  t o  be a b l e  t o  measure t h e  column c o n t e n t  o f  
water vapor f rom t h e  Space S h u t t l e  and EOS i n  t h e  same t ime  frames. Aerosols and 
c louds  and Excimer-based O3 measurements a r e  t h e  o n l y  o t h e r  l i d a r  a p p l i c a t i o n s  t h a t  
may be a v a i l a b l e  by 1993 f o r  EOS. By 1997, t h e  measurement o f  NH3 may be p o s s i b l e  
from EOS, u s i n g  a C02 l a s e r  system. L o n g - l i f e  DIAL i n v e s t i g a t i o n s  o f  H20, 03, and 
NH3 may be conducted from EOS i n  t h e  l a t e  1990's. Measurements o f  C O Y  CH4, NO, NO2, 
SO2, and H202 f rom space w i l l  be paced by t h e  development o f  s u i t a b l e  l a s e r s .  It i s  
expected t h a t  DIAL measurements o f  these species f rom EOS w i l l  be ready i n  t h e  2010 
t i m e  frame. 

For  example, water vapor measure- 
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I t  i s  informative t o  group these missions by the indicated time frames, and then 
l i s t  the most stressing technical issues f o r  the development of spaceborne l i d a r  
systems. These may be expressed as follows. 

Phase I:  Near-Term Technology Development and Measurements 

A. Aerosol Lidar 

1. Need high-a1 t i tude feas ib i l i ty  demonstration of l i d a r  detection of tropospheric 
aerosols using Nd:YAG, Excimer, or Alexandrite lasers .  

2. Increase efficiency and l ifetime o f  flashlamp pumped Nd:YAG and Alexandrite 
1 asers and discharge Excimer 1 aser. 

3. Develop high-efficiency diode pumped sol id-s ta te  lasers.  

B. H20 DIAL Detection (Column Content) 

1. Develop high-resolution Alexandrite l a se r  for  DIAL use. 

2. Demonstrate DIAL capability a t  h i g h  a1 t i  tude. 

3. Study and develop use of CW C02 homodyne (heterodyne) l i d a r  for water vapor 
detection. 

C .  0, DIAL Detection (Column Content) 

1. Demonstrate use of Excimer laser  DIAL system a t  h i g h  a l t i tude  (>80 km) for  
tropospheric O3 detection. 

2. Study use of homodyne (heterodyne) C02 DIAL for  03 column content measurements. 

Phase 11: Long-Term Technology Development and Measurements 

A. H,O Range-Resolved Measurements 

1. Increase power and efficiency of Alexandrite laser  for H20 measurements. 

2. Study use of Nd:GLASS and Raman shifted technology for upper tropospheric H20 
profi 1 i ng. 

3. Develop diode-pumped tunable solid-state lasers.  

B. N H 3  Measurements 

1. Develop CW CO2 heterodyne DIAL for column content NH3 measurements. 

C. NH3 Temperature Measurements 

temperature measurements. 
1. Devel op h i  gh-resol u t i  on A1 exandri te 1 aser w i t h  preci si on wave1 ength control for  
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Phase I I I : Techno1 ogy Breakthrough Required 

A. CHd, NO,  NO7, and H7O7 Measurements 

1 . These molecules have absorption spectra i n  spectral regions where current 
lasers do n o t  have sufficient power for remote sensing purposes and current 
attempts t o  reach such wavelengths a t  h i g h  power have not ,  as y e m e e n  fruit- 
ful. However, some new laboratory frequency shifting techniques do h o l d  prom- 
ise. These include Raman shifting of an Excimer laser and stimulated elec- 
troni c Raman shi f t i  ng i n cesi um vapor usi ng a frequency doubl ed A1 exandri t e  
1 aser. 

1. so2 can be detected i n  the atmosphere using a UV laser source, b u t  only a t  very 
h i g h  concentrations such as t h a t  emitted by a power p l a n t  plume. 
depth of SOp under normal conditions may be too  low t o  permit detection i n  the 
ambient troposphere. 

The optical 

c. co 
1. The detection of CO requires a 4.7 pm laser source. Frequency shifting tech- 

niques hold promise i n  reaching this spectral region, b u t  much future work i s  
requi red before h i g h  1 aser powers w i  11 be real i zed. 
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Period 

I .  

11. 

111. 

TABLE V I I 1 . -  PROPOSED EVOLUTION OF L I D A R  SPACE MISSIONS 

Techno1 ogy Shut t le  E OS 
Ready F l l g h t  F l i g h t *  

1987 t 1 1990 * 1 1993 f 1 

1992 1995 1997 

2000 2005 2010 

Measurement 

Aerosol/cloud d l s t r l b u t l o n  and planetary 

Coarse aerosol d i s t r l b u t l o n  and tropo- 

H20 - CC and RR (bz = 2 km, dd- to- law 

0, - CC and RR (AZ - 2 km) 

boundary layer (1x1 

pause height ( 3 ~ )  

troposphere) 

H20 ( b z  = 1 km through troposphere) 

NH, - CC 

Temperature (e2 - 1 kn) 

NO2 - CC 

so, - cc 
NO - CC 

CH, - CC and RR 

CO - CC and RR 

H202 - CC 

L ldar  operated a t  10 percent duty cycle, Period I .  
CC P Column content 
RR P Range resolved (p ro f i les )  
na i n number o f  l l d a r  wavelengths 
AZ P v e r t i c a l  resolut lon o f  l i d a r  measurement 

Candidate Lasers 

Many choices (0.5-1.0 fl) 

Nd:YAG (0.35, 0.53, and 1.06 ~ n )  

A1 exandrl t e  

Exclmer (Raman-shifted) 

Nd: GLASS (Raman-shifted 1 

co2 

Alexandrl t e  

Exclmer (Raman-shi f t e d  1 

Excimer (Raman-shi f ted)  

Not 1 dentf f l ed 

Not i d e n t l  f l e d  

Not 1 denti  f 1 ed 

Not i dent1 f l e d  
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TABLE 1X.- ASSESSMENT OF LASER A V A I L A B I L I T Y  FOR SPACE MISSIONS 

Time Frame 

Species 

H2O 

03 

co 

CH4 

"3 

Aerosols 

NO 

NO2 

so2 

"202 

*Shutt le: 

Laser 

A1 exandri t e  

CO, (CW) 
T i  :Al ,03 
Nd:YAG-Dye 
Nd: GLASS 

OPO 

Excimer 

CO, 

2x40, 

? 

Nd:YAG (2X; 3X) 
Excimer + Raman 

Alexandr i te 

T i  :A1 ,03 
Diode-pumped YAG 

2X-cO2 

Excimer + Raman 

Excimer + Raman 

? 

Shut t le  * 
I 
I+ 
I1 
I1 
I1 
I1 

I 
I1 

I11 

I11 

I1 

I 
I 
I 
I1 
I1 

I11 

I1 

I1 

I11 

I--1990; II--1995; 111--2005 
EOS: 1--1993; II--1997; III--2010 

**Category I f o r  H,O column content and 
Category I1 f o r  lower and upper trop. 

2X 5 frequency doubled l ase r  output 
3X frequency t r i p l e d  l ase r  output 

+Column content only 

EOS (10% Duty) 

I ** 
I+ 
I1 
I1 
I1 
I1 

I 
I1 

I11 

I11 

I1 

I 
I 
I 

11-111 
11-111 

I11 

I11 

I11 

I11 

Long L i f e  
EOS 

i1 
11-111 
111 
111 
111 
111 

i1 
11 

111 

111 

11 

1-11 
11 
11 

11-111 
11-111 

111 

111 

111 

111 

lower trop. H,O p r o f i l e s  (mostly a t  n i g h t )  
H,O p r o f i l e s  day/night 



WORKSHEETS ON LIDAR TECHNOLOGY 

T h i s  s e c t i o n  presents  t h e  worksheets produced by t h e  L i d a r  Measurements and 
Techno1 ogy Working Group. They e s s e n t i a l l y  1 i s t  t h e  most p r e s s i  ng t e c h n i  ca l  i ssues  
f o r  t h e  l a s e r  remote sensing o f  each i d e n t i f i e d  atmospher ic c o n s t i t u e n t  f rom space. 

LASER REMOTE SENSING WORKSHEET 

SPECIES: Aerosols 

1. Wave1 ength  : 1.06 urn 
0.53 urn 
0.355 urn 

2. Adequate O p t i c a l  Depth: N/A 

3. Any Unique Spectra 
Requirements: None 

4. Approp r ia te  Laser Source: Nd:YAG + 2X, 3X 

TECHNICAL ISSUES: 

We1 1 demonstrated 
Probable l i f e t i m e ,  e f f i c i e n c y ?  

S ize  d i s t r i b u t i o n  f rom 3 A values 
De tec t  a t  1.06 p w - l i m i t e d  a v a i l a b i l i t y  o f  PMT 

5. Es t imate  of Appropr i  a t e  A i  rborne demonstrat i  on compl e t e d  
F i  e l  d Demonstrat i  on: LITE ( S h u t t l e )  1989 

6. Es t imate  of Measurement 1 x + 50 percent  e r r o r  
R e s o l u t i o n  (Accuracy): 3 1 + 10 Percent e r r o r  
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LASER REMOTE SENSING WORKSHEET 

SPEC IES : Aerosol s 

1. Wave1 ength: 

2. Adequate Optical Depth: 

3. Any Unique Spectra 
Requirements: 

4. Appropriate Laser Source: 

TECHNICAL ISSUES: 

0.3 pm 
10.6 pm 

Okay a t  0.3 
Little backsca t t e r  a t  10.6 pm 

None 

Excimer (0.3 Urn) 
C02 (10.6 vtn) 

Excimer co2 

Raman s h i f t  t o  0.35, 0.5, 
a n d  0.6 pm 

Need heterodyne detect ion . Outgrowth of Doppler l i d a r  
More complex than 1 urn 
If  a i r  i s  clean, then no s ignal  

5. Estimate o f  Appropriate 
F i e 1 d Demon s t r a ti  on : 

6. Estimate of Measurement 
Resolution (Accuracy): 

Excimer--Need a i rbo rne  demonstration 
C02--Labratory demonstration complete 

TB D 



SPECIES: Aerosols 

1. Wave1 ength:  

LASER REMOTE SENSING WORKSHEET 

0.7 pm 
0.5 pm 

2. Adequate O p t i c a l  Depth: N/A 

3. Any Unique Spectra 
Requirements : None 

4. Approp r ia te  Laser Source: A lexandr i t e  (0.7 urn) 
Ti :Sapphire (0.7 um) 
Diode Pumped (0.5 fl) 

Nd:YAG (2X, 3x1 

TECHN I CAL ISSUES : 

A l e x a n d r i t e  T i  : Sapphi r e  Diode Pumped 

* Energy Okay (1/2 j o u l e )  * 2-5 years develop- 2-5 years  develop- 
L i f e t i m e ?  ment needed ment requ i  r e d  
E f f i c i e n c y ?  
P o s s i b i l i t y  o f  

Doppl e r /aeroso l  
s p e c t r a l  r e s o l  u- 
ti on 

5. Es t imate  o f  Appropr ia te  
F i e l  d Demons t r a  t i on : 1988 

6. Es t imate  o f  Measurement 
R e s o l u t i o n  (Accuracy): TBD 
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LASER REMOTE SENSING WORKSHEET 

SPECIES: H,O 

1. Wave1 ength:  0.72 pm 

2. Adequate Opt ica l  Depth: Okay 

3. Any Unique Spectra A A  = 1 pm lower t roposphere s p e c t r a l  p u r i t y  >99 per -  
Requirements: c e n t  

4. Approp r ia te  Laser Source: YAG Pumped Dye 
A1 exandr i  t e  . Ti:A12P3 

TECHNICAL ISSUES: 

YAG Pumped Dye 

Cur ren t  s t a t u s  power 
x 5 t o o  low 

Spectra l  p u r i t y  
problem 

Large s i z e  . L i f e t i m e :  105-106 
shots 

Need wavemeter development 

5. Es t imate  of  Appropr ia te  
F i e 1 d Demons t r a  t i on : 

6. Es t imate  o f  Measurement 
Resol u t i o n  (Accuracy): 

A1 exandr i  t e  TI:A1203 

Power okay f o r  CC Low proven power 
Power l ow  (X3 f o r  Need demonstrat ion 

range r e s o l v e d  t u n i n g  and l i n e -  
Low e f f i c i e n c y  w i d t h  
L i f e t i m e ?  
P - 1/2 j o u l e  i n  

2 years  

1988--A1 exandr i  t e  DIAL system w i t h  wavemeter 
demonstrated i n  ER-2 

5 percent  CC 
10 percent  AR 
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I 
I 

LASER REMOTE SENSING WORKSHEET 

1- Wavelength: 0.94 um 

2. Adequate O p t i c a l  Depth: Okay 

3. Any Unique Spec t ra  
Requirements : 0.5 picometer 1 i n e w i d t h  f o r  upper t roposphere 

4. Appropr ia te  Laser  Source: Dye 
Nd:GLASS 
Ti:A1,0, and OPO 

TECHNICAL ISSUES: 

Dye Nd: GLASS 
Ti:A1,0, and OPO 

Low power * Raman s h i f t  Requires develop- 
Emerging technology: men t 

slabs (2-5 y e a r s )  Raman s h i f t  

Detec tors :  Avalanche photodiode? 

5. Es t imate  o f  A p p r o p r i a t e  
F i e l d  Demonstrat ion:  

6. Es t imate  o f  Measurement 
R e s o l u t i o n  (Accuracy)  : 

a1988 f o r  Dye and Nd:GLASS DIAL measurements 

Aerosol backscat ter  same as 0.72 pm H,O 

53 



LASER REMOTE SENSING WORKSHEET 

SPECIES: H,O 

1. Wave1 ength: 10.6 prn 

2. Adequate Optical  Depth: Optical  depth? 

3. Any Unique Spectra 
Requirements: TB D 

4. Appropriate Laser Source: CO, 

TECHNICAL ISSUES: 

Heterodyne detector  required 
(Okay f o r  CW--Column content )  
Use Homodyne 

5. Estimate o f  Appropriate 
F ie1  d Demonstration: TB D 

6. Estimate o f  Measurement 
Resol u t i  on (Accuracy) : TBD 
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LASER REMOTE SENSING WORKSHEET 

SPECIES: 0, 

1. Wave1 ength: 0.308 vm 

2. Adequate O p t i c a l  Depth: Okay 

3. Any Unique Spectra 
Requirements: No frequency c o n t r o l ;  0, band i s  broad 

4. Appropr ia te  Laser Source: Excimer (Need -4A f i l t e r  f o r  d e t e c t i o n )  

TECHNICAL ISSUES: 

o Raman s h i f t  f o r  o f f - l i n e  
o Cur ren t  powers okay 
o L i f e t i m e ?  
o Penet ra t ion  through s t ra tosphere? 
o Good atmospheric backscat te r  a t  3080 A 

5. Es t imate  o f  Appropr ia te  
F i e 1  d Demonstrat ion: Need ba l loon t e s t s  

6. Es t imate  o f  Measurement 
Resol u t i  on (Accuracy 1 : TBD 
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LASER REMOTE SENSING WORKSHEET 

SPECIES: 0, 

1. Wave1 ength: 10 pm 

2. Adequate O p t i c a l  Depth: Okay 

3. Any Unique Spectra 
Requirements : S i  ng l  e Frequency 

4. Approp r ia te  Laser Source: CO, 

TECHNICAL ISSUES: 

Pulsed C02 

Okay f o r  column con ten t  
P o s s i b l e  l i f e t i m e  problem 

P e n e t r a t i o n  through s t ra tospher ic  
D i  f f eren ti a1 a1 bedo prob l  em 

O,? (Tune t o  s ide  o f  l i n e . )  

cw co* 

Column con ten t  
No l i f e t i m e  problem 

5. Est imate o f  Approp r ia te  
F i e l d  Demonstrat ion: Need bal loon t e s t s  (35-40 km) 

6. Est imate o f  Measurement 
R e s o l u t i o n  (Accuracy):  10 percent? 
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SPECIES: ISH, 

1. Wavelength: 

LASER REMOTE SENSING WORKSHEET 

10pm 

2. Adequate O p t i c a l  Depth: TBD 

3. Any Unique Spectra May be problem due t o  smal l  o p t i c a l  depth and sha l low 
Requirements : 1 ayer 

4. Appropr ia te  Laser Source: CO, 

TECHNICAL ISSUES: 

Heterodyne de tec  ti on 
Same s t a t u s  as CO, DIAL fo r  0, (except  no s t r a t o s p h e r i c  

bu rn  through problem as w i t h  ozone) 

5. Es t imate  o f  Appropr ia te  
F i e l d  Demonstrat ion: TB D 

6. Es t imate  o f  Measurement 
R e s o l u t i o n  (Accuracy):  TBD 
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SPECIES: CH, 

1. 

2. 

3. 

4. 

5. 

6. 
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Wavelength: 

LASER REMOTE SENSING WORKSHEET 

7.7 um 
3.3 Urn 

Adequate Opt ica l  Depth: TBD 

Any Unique Spectra 
Requirements: TB D 

Approp r ia te  Laser Source: No c u r r e n t  l a s e r s  

TECHNICAL ISSUES: 

Fu ture  Candidate Lasers : 

a. Raman s h i f t  A lexandr i t e  
b. Solid-state tunab le  l a s e r  

Es t imate  o f  Appropr ia te 
F i  e l  d Demons t r a  t i on : 

Est imate  o f  Measurement 
Reso lu t i on  (Accuracy): 

TB D 

TB D 



LASER REMOTE SENSING WORKSHEET 

SPECIES: CO 

1. Wavelength: 4.6 pm 
2.3 pm 

2. Adequate O p t i c a l  Depth: Okay 

3. Any Unique Spectra 
Requirements: TB D 

4. Approp r ia te  Laser Source: Doubled CO, o r  CO a t  4.6 

TECHNICAL ISSUES: 

Cur ren t  Lasers Lack Power a t  4.6 No C u r r e n t  Laser  a t  2.3 

2X C0,--Need heterodyne 
d e t e c t o r  (L. 0, problem) 

Poss ib le  CO l a s e r  ( o p t i c a l  
depth? 1 

Future :  Raman s h i f t  
(5 Years?) 

5. Es t imate  o f  Appropr ia te  
F i e l d  Demonstrat ion:  TB D 

6. Est imate  o f  Measurement 
R e s o l u t i o n  (Accuracy 1: TBD 
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